
Observations on Pitchered Insectivorous
Plants (Part II1).

BY

J. M. MACFARLANE, D.Sc, F.R.S.E.

With Plates XIX, XX, and XXI.

II. HISTOLOGY OF DARLINGTONIA, SARRACENIA, AND

HELIAMPHORA, WITH REMARKS ON ADAPTATIONS FOR

INSECT-CATCHING.

THE degree of histological differentiation exhibited by
the genera already treated of (Nepenthes, Heliamphora,

Sarracenia, and Darlingtonia} is worthy of note. Darlingtonia
and Sarracenia exhibit practically an equal degree of com-
plexity in their hairs and glandular structures, though on
slightly different lines of formation. Heliamphora again is
very nearly related to Sarracenia, but in hair-distribution
and gland-structure exhibits an interesting approach to
Nepenthes, the most highly specialized of all. But while the
first three genera possess an elaborate arrangement of hairs
for bewildering and catching animal prey, the last is entirely

1 For Part I, see Ann. of Bot. I l l , p. 253. Since this paper was written, the
second part of Professor Goebel's Pflanzenbiologische Schilderungen has
appeared. It has been considered advisable to leave the text unaltered, but foot-
notes have been added where such seemed necessary.

[Annals of Botany, Vol. VII. No. XXVm. December, 1893.]
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404 Macfarlane.—Observations on Pitchered

devoid of them, at least inside the pitcher. The great
complexity of the glands in Nepenthes, as contrasted with
their comparative simplicity in the first three, more than
compensates that genus for the absence of hairs. In de-
scribing the minute structure of the pitcher-surfaces I will use
the expressive terms ' attractive,' ' conducting,' ' glandular,'
and ' detentive,' applied to these by Sir Joseph Hooker in his
Presidential address1 to the British Association at Belfast.
But, as I have already shown 2, external honey-glands are
scattered over the leaves and even the stem in all the genera,
forming an alluring or baited pathway for insects. I propose
to speak of these as ' alluring glands,' and an area provided
with them as an ' alluring surface.' Further, in view of the
interesting researches of Hunt and Dickson on the glands of
the corrugated rim of Nepenthes3, and observations of my
own as to their function, the term' attractive' as applied to that
genus will be extended so that we may speak of' attractive
lid-glands ' and ' attractive marginal-glands.'

Darlingtonia. In this genus alluring glands occur over
the entire outer pitcher-surface, and are not more abundant
on the dorsal wing than elsewhere. When microscopically
examined, they are circular or oval in outline (Plate XIX,
Fig. 2); they appear to be, and have hitherto been de-
scribed as being, one-celled4, and their margin often shows
a concentric ragged-looking line caused by the free edge
of the cuticle, which is not continuous over the gland-surface.
When vertical sections are made, each surface gland-cell
is seen to be the uppermost of four (rarely five or six)
sunk in the tissue of the leaf, the three upper being shallow
and having thin transverse septa, while the lowest is large
and goblet-shaped (Plate XIX, Fig. 1). The cell-contents
have a dense finely-granular aspect, and are slightly yellow in

1 Report Brit. Assoc. 1874.
s Nature, Dec. 25, 1884.
3 Proc. Phil. Acad. Nat. Sc. 1874; Gardener's Chronicle, 1883.
4 Zipperer, Beitrag zur Kenntniss der Sarraceniaceen, Munich, 1885. Goebel

confirms my account.
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Insectivorous Plants (Part II). 405

colour, thus contrasting with the surrounding epidermal cells.
In all, but specially in the goblet-cell, large refractive
globules are present. On vertical section, it is evident that
the cuticle, present as a protective layer over the ordinary
epidermal cells, thins out round, and is absent from, the
surface gland-cell, which, having only a thin cellulose wall,
is free to discharge its secretion. At the upper arching part
of the tube are the skylights, the nature of which has been
fully explained by Zipperer \ There are no hairs over the
exterior. The outer surface of the involute edge of the
pitcher is richly studded with honey-glands, which are more
complex than those just described, each being formed of 2—4
surface cells, and 4-6 times as many compose the entire gland
(Plate XIX, Figs. 3, 4). They are also sunk in depressions
of the epidermis, and are slightly covered by beautiful down-
growing tooth-like processes of it, so that the whole greatly
resembles the involute rim of Nepenthes. The inner surface
of the involute edge is quite smooth to the depth of a quarter-
inch, and destitute alike of hairs and glands, but below this
is a narrow cincture of long, stiff, outstanding hairs, different
from all other hairs of the pitcher.

As noted by Asa Gray, the bilobed flap secretes honey
copiously on its inner surface from glands which are one-,
rarely two-celled on surface view. But further at the free
extremity hairs begin to appear, at first as minute protu-
berances of the epidermis, but towards the orifice these have
so increased that there is a perfect forest of short, strong hairs
directed towards the orifice.

The internal arched ' attractive' surface has long, stout,
striated, downward-directed hairs, interspersed with two-,
rarely one-celled glands (on surface view). There is an
evident line of demarcation between the ' attractive' and
' conducting' surfaces, the latter consisting of cells each
prolonged into a fine, sharp, striated hair. The junction of
conducting and detentive surfaces is not clearly demarcated,
the short hairs of the former being for some distance

1 Op. cit. p. 25.
E e 2
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406 Macfarlane.—Observations on Pitchered

irregularly disposed among the long, delicate hairs of the
latter.

I have not been able in this genus to watch insect-
movements, but from our knowledge of Sarracenia the
arrangements are evident. Insects alighting on any part
of the tube, or crawling up from the ground, are tempted
by the secretion of the alluring glands to run about till they
reach the orifice. Whether entering the pitcher by the
involute rim with its honey-laden surface, or by the honeyed
flap, the cincture of stiff hairs inside the former, and the
stout hairs of the latter, will act as a considerable obstacle
to their easy return. Thus inclined to step inside the orifice,
the abundant honey and the coloured skylights will tend to
allay their fear, even though treading among the hairs of the
attractive surface, which further incline them to move down.
The extreme smoothness of the ' conducting' cells and their
fine down-growing apices will combine, as in Sarracenia, to
afford no foothold, and eventually the prey will get entangled
in the long hairs of the detentive surface. Drude1 states
that Darlingtonia is provided with honey-glands, hairs, and
digestive glands as in Sarracenia, but I have found no trace
of the last, and Zipperer2 says ' Driisen sind auch hier keine
vorhanden.' The insects caught in our greenhouses are
almost entirely bluebottles, but earwigs and wasps are occa-
sionally found. The late Miss Owen informed me that in
a leaf, grown and examined by her, a slug was found near the
bottom of the tube in state of advanced decomposition. The
contrivances therefore which prove so fatal to insects may
be equally destructive to slugs. It would be highly interesting
to know if in the home of Darlingtonia the same happens.

Sarracenia. The different species of this genus exhibit
some very interesting modifications both in general outline
and histological arrangement. Hooker divides them under
two heads : (1) those with the mouth open and lid erect, and
which consequently receive the rain-water in greater or less

1 Schenck's Handbuch der Botanik, Bd. I. p. 120.
2 Op. cit., p. 26.
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Insectivorous Plants {Part II). 407

abundance; and (a) those with the mouth closed by the lid,
into which rain can hardly, if at all, find ingress. But while
in some respects this is a convenient physiological classifica-
tion, I think it may be considered that the species now living
group themselves round some extinct form most nearly
related to S. variolaris. This view is favoured, alike from
the standpoint of seedling pitcher-structure, as pointed out
by Professor W. P. Wilson1, from the structure of adult
pitchers, and also from coloration and relative complexity
of the floral parts. It will be seen, as we describe the minute
anatomy, that S. variolaris is the most generalized form now
known to us, and that from some simpler type one advancing
line branches off to S.flava, S. Drummondii, and 5. rubra ;
another leads to 5. ptirpurea, and still another to 5. psittacina.
By viewing them thus we can, I think, bring into harmony
their resemblances and differences in leaf-form, minute
anatomy, and floral development, and they will accordingly
be examined in the order just given.

But before treating of the species separately I may point
out that the protective winter bud-leaves show many honey-
glands, particularly over their outer surface. The question
naturally suggests itself, Why should these be provided
with an alluring surface ? I think the answer is found if we
view them as the earliest formed of the annual rosette of
pitchered leaves which for protective purposes have become
reduced in size and have failed to pitcher. They would
represent, in fact, such a leaf as I have figured in Plate XVII,
Fig. 8, of the Annals of Botany, Vol. Ill , but in a greatly more
reduced state 2. There it is compared with a pitchered leaf.

S. variolaris. The external pitcher-surface in this species
is covered with short, stout, blunt hairs, each formed by
the bulging out of an epidermal cell. These are directed
outwards or obliquely upwards, are shortest and most scat-
tered towards the base, and increase in size and regularity

1 Proc. Philadelphia Acad. Nat. Science, 1888.
2 Goebel adopts this view also, and his interesting observations on the relation

of scale-leaves and foliage-leaves (Bot. Zeitung, 1880) may be said to establish it.
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408 Macfarlane.—Observations on Pitchered

towards the orifice. This device undoubtedly will help to
herd insects upwards, just as the internal hairs are arranged
for impelling them in a downward direction, and a similar
condition is slightly indicated in 5". Drummondii. Among
the hairs are many honey-glands of ordinary structure, viz.
four subjacent and two smaller upper secreting cells. Along
the ventral wing both hairs and glands are more densely
massed than over the general surface, so that the front
wing here is evidently developed as the special insect
pathway. This is not the condition in all the species, as
has erroneously been supposed. Towards the arched top of
the pitcher, clear window-like areas occur quite resembling
those of Darlingtonia in appearance and structure, as well
as in absence of external and internal hairs and glands.
Round these areas the hairs are so disposed that each is
a fenced enclosure open only above, for while the lower and
upper hairs are directed upwards, the lateral ones point ob-
liquely towards the area. These areas therefore may act as
temporary resting-places for smaller insects, allowing them
time to overcome fear excited through the impediment offered
by the hairs to their feet.

At the junction of the outer and inner epidermis, the
honey-glands are very abundant; also the cells of the latter
begin to project inwards as short, toothlike processes. These
are continued round the interior to form the upper limit of
the conducting area. The attractive area, which is here the
inner surface of the arched lid, has strong hairs of moderate
length (Plate XIX, Figs. 5 a and a') and honey-glands. The
junction of attractive and conducting surfaces is sharply
marked to the naked eye, but microscopically examined it
exhibits a very gradual merging of the one into the other.
The transition from conducting to detentive surface is also
gradual, and glands are found (Fig. 5) on both. These are
rather sparingly scattered over the former, are specially
numerous on the upper part of the latter, but entirely
disappear towards the bottom of the tube.

It will now be seen that the adaptations for insect-catching
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Insectivorous Plants (Part II). 409

are of a rather elaborate kind in the above species. It alone
is well provided with external hairs and with window-like
areas, though both are shown in a less perfect manner in
•S. Drummondii. But the distribution of honey on the
alluring surface is neither so widespread, so perfectly
disposed, nor so abundant as in other species, so that my
experience of it in the houses of the Royal Botanic Garden
of Edinburgh as a rather inferior fly-catcher is probably
a true index to its capabilities in its natural haunts. In
making this statement I bear in mind that it was this species
which Drs. Macbride and Mellichamp have described so
carefully, but compared with S. flava and .S. Drummondii
I have always found it to be inferior.

My knowledge is still imperfect regarding gland-secretion.
That the alluring and lid-glands, as also those on the upper
part of the conducting surface, secrete a sweet juice, any one
can satisfy himself. But the function of the glands covering
the lower conducting and detentive surfaces is more difficult
to explain, as the secretion is not sweet to the taste. In view
of the wide distribution of the honey-glands over each leaf
and parts of the flower, it appears to me, from an evolutionary
standpoint, quite a likely hypothesis to suppose that all the
internal glands may originally have secreted a sweet attractive
juice. In structure the internal glands resemble each other,
and also the external ones. Now in 6". variolaris no
separation or isolation of the internal glands into areas is
observable, though, as already stated, they are rather few
in number on the conducting, but abundant on the upper
detentive region. It is quite probable therefore that some
simpler form is now lost to us which exhibited a uniform
distribution of internal glands, all secreting honey. The
advantage of such an arrangement, especially if correlated
with a less specialized hair-development, is manifest. But
S. variolaris and the other species that are provided with
glands in the lower conducting area or parts beneath, secrete
a juice which, according to Mellichamp1, is astringent, and

1 Gard. Chron., June 1874.
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410 Macfarlane.—Observations on Pitchered

hastens decomposition, according to Drude* is probably acid
and causes a true digestive change. In 5". crispata, a probable
hybrid between S.flava and 5. rnbra, a very large quantity of
sweet juice is secreted by glands on the top of the conducting
surface, beside that secreted by the lid-glands. This form has
proved, in the houses of the Edinburgh Botanic Garden, the
most efficient fly-catcher; but not only so, some constituent of
the secretion is of a decidedly acid nature, and at once causes
litmus-paper to become red. These glands are continued
down the ventral part of the conducting-area to fully half
its depth, and if we take into consideration the occurrence
of them so far down, as also their excretion of a sweet and
acid juice, the hypothesis which I have advanced above does
not seem unwarranted. The lower glands of the tube secrete
even in young unopened pitchers, a juice which Mellichamp
well describes as being mucilaginous and astringent. If, then,
the lower glands in simpler types of the genus once secreted
a sweet juice, its place has been entirely usurped by the more
useful insect-wetting, and perhaps digestive, juice.

5. jlava. This, the strongest growing species of the genus,
is richly provided with alluring glands disposed in an
interesting manner. Since the strong vascular bundles which
traverse longitudinally the external pitcher-surface form
projecting ribs, lines of glands occur along these as well as
on the dorsal wing; many baited pathways therefore, sup-
plemented by glands scattered less abundantly over the
surface, allure insects upwards. Fresh healthy pitchers
examined about the beginning of June show transparent
droplets of honey exuding from them, and the secretion may
be continued into autumn, or cease to a large degree during
summer and be renewed in September. Alluring-glands
closely stud the external margin of the pitcher-orifice. But
insects often pass up the ventral rib on the outer lid-surface,
and accordingly its margin has a perfect cincture of glands
from which a sweet secretion pours forth copiously. I am
surprised that this honey-cincture does not seem to have

1 Op. cit. p. 136.
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Insectivorous Plants (Part II). 411

been noticed before, as it forms in the sunshine a most
conspicuous glistening marginal belt, and also allures insects
most powerfully to the inner lid-surface, as has often been
verified by observation. The other species show the same
massing of glands, but none so perfectly. The attractive
or inner lid-surface, has hairs similar to those of 5. variolaris,
but larger. Many glands are scattered among these, but
further, as mentioned in the probable hybrid between this
and S. rubra, a long ventral continuation of glands, secreting
a sweet but acid juice, runs down into the conducting surface.

The hairs on the conducting and detentive surfaces resemble
corresponding ones from 6". variolaris, but on a larger scale.

While a moderate number of glands occur on the con-
ducting, few or none are met with on the detentive surface.

5. Drummondii. Alluring glands are more sparingly dis-
tributed over the leaf-exterior of this than of any other
species. The outer lid-surface has all or most of the
epidermal cells raised into boss-like swellings directed slightly
upwards, so that in this as in 6". variolaris an attempt at
formation of external upward-directed hairs is shown.

The attractive (inner lid) surface bristles with very long
stout hairs, greatly indurated at the base, and carries attractive
glands of ordinary structure. The conducting surface has the
cells produced into downward-directed processes—which are
pretty long above, but become greatly elongated below, as
the detentive surface is reached. Attractive glands are found
plentifully over its upper area, but these become finer till they
quite disappear from the lower two-thirds of the area; their
place is taken however by stomata set in the centre of a group
of cells. On the detentive surface short and relatively delicate
hairs are developed from many of the cells. Some stomata
are also present. There is no proof as yet that the stomata
are for water-excretion, but their presence in this species
qualifies Zipperer's assertion1 that stomata are absent over the
inner surface of the tubes.

S. rubra. Alluring glands are pretty abundant over the
1 Op. cit. p. 31.
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412 Macfarlane.—Observations on Pitchered

external surface, 3 to $5 being the average over a square
millimetre, but they are decidedly more numerous on the
dorsal flap, which may show 5 to 6 over a similar area. Hairs
pointing very irregularly, the majority more or less upwards,
are also found over the tube, and become specially abundant
and strong on the lid; but these, so far as I can see, will
perform no special part, though they may represent a rudi-
mentary state of the more perfectly developed condition seen
in 5. variolaris. The attractive surface is practically identical
with that of 5. /lava, the hairs being only slightly smaller.
Both species agree also in having a triangular-shaped ventral
prolongation of the attractive surface running down into the
conducting region. On the conducting surface are very fine
closely-set hairs, but there is an entire absence of glands.
The latter are also absent from the detentive surface, the hairs
of which are extremely fine for their length. It is to be noted,
then, in this species, that glands are only present on the
attractive surface.

5". purpurea. Very careful descriptions of this species have
been given by Voigt, Hooker, and others, which stands alone
in having a special glandular surface in the tube. In addition
to many alluring glands, there are on the outside numerous
strong, stiff", blunt hairs, rather irregularly disposed, though
most point upwards. I need not here repeat the descriptions
of previous workers, except to emphasize the fact that all the
glands of the plant resemble each other structurally. In
PI. XIX, Fig. 6, illustrations are given of the areas and of
the hairs occurring on these to aid in descriptive comparisons
of a hybrid of this species with its parents.

S. psittacina. This is the most aberrant of all in its
histology as in its general morphology. The alluring glands
agree in number and disposition with the species just discussed,
but they are extremely abundant along the outer side of the
inflexed rim, so as to resemble Darlingtonia. The attractive
surface differs from that of the other species in the great length
and delicacy of its hairs, which resemble most the detentive
hairs of S. rubra. The honey-glands found with these are
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Insectivorous Plants {Part II). 413

very abundant. The junction of attractive and conducting
surfaces is very abrupt, and forms a line running round the
interior of the hood, on a level with the pitcher-orifice. The
conducting surface, which is a narrow zone from | to £ inch in
depth, has few or no glands. Along its upper region each
cell is produced into an extremely short downward-growing
point; lower down, however, the cells gradually lengthen until
they resemble similar cells of 6\ purpurea. The detentive
surface includes the greater part of the pitcher-tube. Its
hairs are very long, and, in striking contrast to the conducting
surface, it is abundantly supplied with glands over its upper
third. In no other species are there so few on the conducting,
and so many on the upper region of the detentive surface.

In all the species, then, an amount of sweet juice is secreted
corresponding in quantity to the number of alluring and
attractive glands. Sir J. Hooker suggests that it is probably
ground-game which is led up to the pitchers, and while this
may be true to some extent, in our greenhouses flying insects
almost entirely are caught, and these consist in about eighteen
cases out of twenty of bluebottle flies, with an occasional ear-
wig, wasp, or house-fly. These alight on some part of the
tube and gradually crawl up to the pitcher-mouth, sipping
the honeyed juice as they go. It may be that in their native
haunts running insects or even, as in the case already men-
tioned of Darlingtonia, slugs form part of the prey, but that
flying insects are as easily captured is undoubted1.

If we now make a short comparative review of the six
species it will be manifest that 6". variolaris is a central type
from which the others radiate off. I do not necessarily mean
by this that they have been derived from it by evolutionary
modification, but rather, that in process of evolution the

1 Since writing the above I have had the opportunity of examining S. pirpurea
in the New Jersey Swamps, and find that ground-game, notably ants, are largely
caught by the pitchers. Flying insects and slugs are not uncommon, and though
bulk for bulk they may yield a considerable food-supply for the plants, Hooker's
supposition appears correct for this species. In one specimen examined a large
nest of ants had been established in three of the older and rather dry brown leaves,
just beneath the reddish green leaves that were actively catching prey.
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4 H Macfarlane.—Observations on Pitchered

above-named form is one that has deviated least from a com-
mon ancestral type. Thus its leaves incline to grow obliquely
upwards, while on the one hand those of *S. purpurea and
.S. psittacina are nearly or quite horizontal, and on the other
those of S. flava, S. Drummondii, and 6". rubra all grow erect,
or nearly so.

Next, in 5. variolaris the processes from the cells of the
conducting surface are pretty short, and both conducting and
detentive surfaces are glandular, particularly the upper part of
the latter. In S. psittacina, the processes are still shorter, and
resemble closely those of S. purpurea, while a great massing of
glands occurs at the top of the detentive surface. If we ima-
gine the upper part of the detentive surface, in either of the two
last, to have lost the hairs and to have retained only the closely-
set glands, we should get the special ' glandular' surface of
S. purpurea, and that this is a modification of the detentive
surface appears probable when we examine hybrids of the
species. Again, starting from 6". variolaris, we pass to S.jlava,
with a few glands on the conducting, and still fewer on the
detentive surface ; then to 6". Drummondii, with a few on the
upper part only of the conducting surface, and none on the de-
tentive surface; lastly to 6". rubra, where both conducting and
detentive surfaces are devoid of glands. The hairs in the three
last likewise point to a similar deviation. That these highly-
specialized leaves have been derived from some simpler type
cannot be doubted, that they are all inhabitants of N. America
points strongly to a common geographical origin, that they
all show so many points of similarity in histology and mor-
phology, with corresponding physiological adaptations, indi-
cates a common line of development, and that they tend to
vary in minor morphological and physiological details leads us
to believe that connecting types have been lost.

Heliamphora1. From the leaf-base upwards this genus
shows externally many honey-glands, an average of 3 to the
square mm. being encountered over the general surface, but

1 I am indebted to Harry Veitch, Esq., for excellent fresh specimens of this
rare plant.
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Insectivorous Plants {Part II). 415

on the dorsal flaps there may be as many as 4-6. These
lower glands resemble corresponding ones of Sarracenia, but
towards the pitcher-orifice they become more complex, each
being made up of 8-12 cells. Interspersed amongst them are
upward-directed bifurcated hairs, figured by Zipperer. The
outer surface of the rim is well provided with glands and hairs.

In young pitchers the inner lid-surface has numerous rather
small glands, but in adults many of these become of great
size and complexity, consisting of from 30—70 cells. Each
gland lies in a depression bounded by thick-walled neighbour-
cells, the upper of which may overhang it, so that they are
quite like many Nepenthes lid-glands (PI. XIX, Fig. 8). The
hairs also which grow out among them are very delicate, or
may be entirely absent at the top of the lid (Fig. 7). This
area is sharply marked off from a region that must be regarded
as a union of the attracting and conducting surfaces of Sarra-
cenia, since it is provided with glands, and with hairs of very
variable size. Succeeding to this is a smooth area (Fig. Jc),
which in the absence of glands and hairs, and in the wavy
outline of the epidermal cells composing it, completely reminds
one of the conducting surface in Nepenthes. The lowest area
bears short, greatly-thickened epidermal hairs, which Bentham
has figured and described. This is the true detentive surface.
That Heliamphora should be a good fly-catcher might be antici-
pated from the quantity of honey secreted by the alluring glands,
and even more by the attractive glands, where the dried secre-
tion often appears as a white sugar-like concretion on the
surface ridge; from the number and length of the conducting
hairs ; and from the presence of a smooth conducting surface.
Bentham in his memoir inclines to regard the number caught
as insignificant, but from specimens examined in the Kew
Herbarium it appears in this respect to compare favourably
with any Sarracenia. From the foregoing one learns how
curiously the peculiarities of Sarracenia and Nepenthes are
blended in this interesting type. I can scarcely suppose that
this is accidental—rather may we see in it an example of true
genealogical relationship. The extremely isolated distribution
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4i6 Macfarlane.—Observations on Pitchered

of the genus suggests the former existence of some connecting
types, alike on the Nepenthes and Sarracenia sides.

III. GENERAL MORPHOLOGY AND HISTOLOGY OF THE
FLOWERS OF DARLINGTONIA, SARRACENIA, AND HELI-
AMPHORA.

All botanists have traced in these three genera so many and
close similarities as well of pitcher as of flower-structure, that
they have agreed in grouping them into one order ; but while
Darlingtonia and Sarracenia have very close floral relations,
Heliamphora deviates widely. The complete pentamerous
and gaudy flowers of the first two contrast with the last,
which bears 4 rarely 5 white or rosy sepals and a tricarpellary
pistil maturing winged seeds, but in these very points decided
affinities are established with Nepenthaceae. If the ordinal
descriptions given in De Candolle's Prodromus by A. de Can-
dolle for Sarraceniaceae and by Sir J. Hooker for Nepenthaceae
be compared, the remaining characters will be found to agree
fundamentally. To return to this at a later stage, we may
now describe and compare the floral parts of each genus.

{a) Darlingtonia.
While working at the lid-glands of Nepenthes, on speaking

of its floral structure to Mr. Lindsay he drew my attention
to the fact that from the glands, which Hooker mentions as
occurring on the sepals, a very copious flow of honey takes
place during flowering. The hint thus obtained being followed
up, has yielded me some interesting results. Hooker1 says of
Darlingtonia that he was struck with ' a remarkable analogy
between the arrangement and colouring of the parts of the leaf
and of the flower. The petals are as highly coloured as the
flap of the pitcher, and between each pair of petals is a hole
(formed by a notch in the opposed margins of each) leading
to the stamens and stigma. Turning to the pitcher, the
relation of its flap to its entrance is somewhat similar. Now
we know that coloured petals are specially attractive organs,

1 Brit. Assoc. Address, Belfast, 1874.
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and that the object of their colour is to bring insects to feed
on the pollen or nectar, and in this case by means of the hole
to fertilize the flower; and that the object of the flap and
its sugar is also to attract insects, but with a very different
result cannot be doubted. It is hence conceivable that this
marvellous plant lures insects to its flowers for one object,
and feeds them while it uses them to fertilize itself, and that,
this accomplished, some of its benefactors are thereafter lured
to its pitchers for the sake of feeding itself!' This is true
even in a more intimate way than Hooker imagined, not only
of Darlingtonia, but of every genus of pitchered insectivorous
plants.

The sepals of Darlingtonia are provided with honey-glands
like those of the outer pitcher-surface. The presence of these
undoubtedly proves ' that this marvellous plant lures insects
to its flowers for one object, and feeds them while it uses
them to fertilize itself, and that, this accomplished, some of
its benefactors are thereafter,' by the rich provision of food
already described, 'lured to its pitchers for the sake of
feeding it '

(b) Sarracenia.
The three bracteoles and five sepals of all the species

develop many honey-glands like those of the pitcher, and
though I have only observed a sweet secretion on four or
five out of about two dozen flowers examined, this may be
explained by differences in greenhouse growth as compared
with free growth in their native haunts; or the secretion may
exude only for a limited time. This point deserves further
investigation. The petals vary greatly in colour and size,
being small and of a dull unattractive green or greenish-yellow
hue in S. variolaris, largest and of a pale greenish-yellow in
S. jlava, small and greenish-crimson in 6". rubra, large and
of a deep crimson-purple in 5. Drummondii, large and pur-
plish-red or brick-red in the petals, and more or less also in
the sepals in S. purpurea and 5. psittacina. Thus the develop-
ment and distribution of flower-colour in calyx and corolla
indicates a relation in the species similar to that which we
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have attempted to trace in the pitchers. In all, the epidermal
cells of the ovarian surface have undergone repeated divisions,
and have swollen out into minute glassy beads or tubercles
(PI. XIX, Fig. u ) , from which a quantity of rich nectar exudes,
before, during, and for some time after blossoming. This, as
we will show, is evidently of great use in the pollination of
the flower.

(c) Heliamphora.
On the flower-stalk are two or three sheathing sessile bract-

leaves. These display a considerable abundance of glands like
those of the outer leaf-surface. The same remark applies to
the four or five rosy-white sepals (PI. XIX, Fig. 10). I have
had no opportunity of examining the structure of the ovarian
surface, though Bentham describes it as being hairy.

To sum up the genera: all have ' attractive' glands on their
sepals, and Sarracenia and Heliamphora also on the bracts,
these secreting what might be called extra-floral nectar.
Sarracenia further has a huge glandular ovarian surface for
the secretion of intra-floral nectar.

IV. ARRANGEMENTS FOR POLLINATION IN THE FLOWERS

OF SARRACENIA.

As previously mentioned (p. 413), flying insects of the
dipterous or hymenopterous groups are those mostly found to
frequent, and to be caught in, the pitchers. But the species
caught are not the most specialized flower-pollinators; the
bluebottle and wasp having smooth bodies and feebly-
developed leg-hairs. A special arrangement exists, therefore,
to suit their condition1.

When a flower has nearly opened the stamens begin to
dehisce, and as the blossom has a pendulous position the
pollen from the stamens is showered down into the umbrelloid
style-cavity below. But about this time the warted bead-like
ovarian surface exudes large drops of sweet juice, which
increases in quantity as the stamens continue to dehisce,

1 When I prepared the account given above I was not aware Dr. Masters had
published a description in the Gardener's Chronicle, vol. xv (n. s.), 1881, p. 628.
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till it oozes down among the filaments and anthers, washing
with it the pollen-grains. It then accumulates in the um-
brelloid cavity, and forms there a nectar-bath of pollen. Now
each petal has a narrowed base inserted into the receptacle,
close against and beneath the stamens; the petal then widens
out and passes down straight, or rather obliquely, for about
half an inch to an inch (varying in different species). It then
bends outwards, and, expanding considerably, hangs over as
a pendant banner between the two adjacent incurved angles of
the umbrella-shaped style. Such being the course and shape
of each of the five petals, it follows that an insect that has
crawled up the flower-stalk or alighted directly on the outer
calycine whorl will reach the interior most readily by passing
through the opening between two adjacent petals, but to do
this it must step first on to the outer surface of the umbrelloid
style, and, guided by the hairs of the style-surface, which
point towards the stigmatic knobs, it must creep round the
edge of the style at or near the knobs, so that it must in many
cases touch them. If, therefore, an insect has already visited
a flower, the nectar-soaked pollen that is smeared over its body
can scarcely fail to be rubbed against the stigma. Reaching
the interior of the style, it will again revel in a nectar-bath
and again be abundantly smeared, but on leaving it can most
easily get out by rounding the edge of the style considerably
below the stigmatic knob, since the latter is in the way of its
freely mounting out, and the style-arms themselves are often
incurved.

I have not been able to satisfy myself as to when the
stigmas mature. The stamens, as above noted, begin to dehisce
before or just as the flower opens, but at that time the
stigmatic surfaces do not appear more or less fit for pollina-
tion than at a later period. Some gardeners have experienced
difficulty in getting the Sarracenias to seed under cultivation
even when cross-fertilization was attended to, but the fact
that many hybrids have been obtained, indicates the possi-
bility of definite results if fertilization could properly be
effected. It occurred to me that the possible explanation was

Ff
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that gardeners, in attempting to fertilize, may have detached
dry pollen which had not been nectar-smeared, and this when
applied to the stigma may have been so dry as to render it
inoperative. Speaking on this subject to Mr. Pope, of Glas-
nevin Garden, Dublin, htr at once stated that he always
selected nectar-smeared pollen to effect fertilization. An
interesting line of experiment is here suggested, which may
bear practical results.

V. HISTOLOGY OF NEPENTHES, WITH REMARKS ON

ADAPTATIONS FOR INSECT-CATCHING.

This section of the present paper may best be understood
if a general review of the comparative morphology of the
species be first given.

N. ampullaria and N. Lowii are types which point to
a simpler condition of pitcher from which they have both been
derived, and which in form would approach the Sarracenioid
alliance. Resembling N. Lowii in being a tube with simple
non-corrugated or slightly corrugated rim, such a form would
foreshadow N. ampullaria in the rudimentary condition of its
lid, the absence or small number of attractive lid-glands, and
the simple unconstricted shape of the pitcher. But with such
a primitive form we must associate a higher degree of histo-
logical differentiation than is shown even by Heliamphora, the
most specialized in its pitcher of the Sarracenioids, for the
presence of regularly disposed attractive marginal glands in
the leaves that appear after the cotyledons is of considerable
importance.

As indicated in seedlings, such a primitive type would have
an uninterrupted lamina, would be elongate-tubular in shape,
with a simple pitcher-margin ; the lid would be of small size,
and would stand upright, or even be inclined back at an angle
in mature pitchers. The lamina would have flat glands com-
pletely exposed, the simple margin would be encircled with
attractive marginal glands sunk in fossae, and the whole
interior of the pitcher-cavity would show glands similar in
structure to the laminar ones, but differing in their secretion.
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That this is no mere hypothesis is proved alike in the develop-
ment of seedling-leaves and in the young state of adult leaves,
for in all that I have examined the marginal glands first
appear and attain the largest size; simultaneously with them,
though greatly simpler in structure, the internal ' digestive'
glands; thereafter appear a few alluring glands on the general
leaf-surface; and last, when present, the attractive lid-glands
are developed.

But a study of the species of Nepenthes at present known
leads one to conclude that, excepting two or three which have
early branched off from the primitive type, all can be naturally
connected with each other by easy gradations. I shall now
shortly pass these in review, and note points of interest in each.

In N. ampullaria the pitcher is tubular, its broad corrugated
collar is so abruptly curved into the pitcher-cavity as to be
quite parallel to its walls ; the lid is tilted back at an angle of
about uo°-i3O°. Only in one or two instances have I ob-
served alluring glands on the outer lid-surface; the marginal
glands are of small size and ampullate in shape ; the conducting
surface, represented by a narrow glabrous band internally at
the top of the tube, is functionless, and small digestive glands
thickly cover the whole inner cavity1.

In N. Hookeri the pitcher is tubular or globose ; its orifice
is surrounded by a narrower collar than in the last, and the
collar is inclined at an acute angle to the cavity; the lid is
greatly larger, and is vertical or slightly inclined over the
pitcher-mouth. A few alluring glands are present, and the
inner lid-surface may either be devoid of glands or have from
ten to thirty along the grooves of the lid. The marginal
glands are ampullate, and decidedly larger than those of the
last species, though the conducting and digestive surfaces
remain the same.

In N. Rafflesiana the pitcher is tubular and globose or
cornucopia-shaped ; the corrugated collar is relatively narrower

1 It will be seen that even in this species a marked advance on the primitive
type is shown in the possession of so deep a corrugated rim, which imperfectly
functions, instead of the more specialized conducting surface of the higher forms.

F f 2

 at H
arvard L

ibrary on July 12, 2015
http://aob.oxfordjournals.org/

D
ow

nloaded from
 

http://aob.oxfordjournals.org/
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than that of N. Hookeri, but its teeth are more strongly
developed, and the collar rises up as a posterior neck-like
elongation of the pitcher ; the lid is large, and rarely vertical,
more often inclined inwards over the cavity. The inner lid-
surface has attractive glands in abundance along its lateral
grooves, but these are scarce or absent at the sides and along
the middle. The marginal glands are ampullate, but larger
and with a nearly blunt nipple as compared with the smaller
glands of N. Hookeri and N. ampullaria, which have well-
marked nipples. The conducting area is here a rim about
a quarter of an inch wide, which expands behind into
a deltoid space about three quarters of an inch to an inch
in depth in pitchers of average size. The digestive surface
shows larger glands than in either of the preceding.

From N. Rafflesiana, or some nearly related form that may
now be extinct, several lines of modification proceed. Thus
N. bicalcarata has pitchers greatly like the ground ones of
N. Rafflesiana. The elongation of the collar posteriorly, and
the shape of its teeth, the size and shape of its marginal
glands, and the disposition of the conducting and secreting
surfaces, all conform to the last type. It shows an advance in
the abundant development of attractive lid-glands and the
great elongation of the posterior teeth of the collar into two
long curved processes, the use of which has been very inge-
niously accounted for by Mr. Burbidge.

From nearly the same starting-point another line can be
pursued which leads us to N. Veitchii, with tubular ovoid
pitchers having a hairy external surface, broad frill-like collar,
and incurved lid. Its entire glandular arrangement corresponds
closely with that of N. Rafflesiana, though showing advance
in several details. N. Celebica, with its very large lid-glands,
broad collar, and rather deeper conducting surface, advances
again beyond N. Veitchii. I can scarcely help regarding
N. Curtisii as a hybrid between N. Veiichii and some dark
crimson form with narrow elongated pitcher, at present un-
known to us. N. villosa, N. Harryana, and N. Edwardsiana
represent types of advancing specialization along the line of N.
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Veitchii, in which the pitcher-rim has not only enlarged greatly,
but gradual increase in the size of the lid and of the marginal
glands, increase in depth of the conducting surface and in
strength of the pitcher-substance, have all proceeded simul-
taneously, and culminated in the last-named, which may fairly
be viewed as the most highly-developed species of the genus.
N. Rajah and N. Boschiana, in the relatively small size of the
marginal glands and feeble development of conducting surface,
show close relationship to N. Veitchii, though in the size of
the pitcher and of its lid and rim as well as in coloration, they
mark a decided advance on it.

Another and a very interesting line passes to the isolated
species N. echinostonia, which, in the possession of a functional
conducting surface as well as in the disposition and size of its
glands, is more specialized than N. Rafflesiana, but is singular
in having a reduced reflected lid with large glands, and in
having the ridges of the collar split up into narrow tapered
processes that curve round the orifice of the pitcher. Each
carries a marginal gland at its free extremity. Another line
leads us to N. sanguinea and N. Northiana, that show strong
vegetative growth and richly coloured pitchers. These
pitchers show richly honeyed lids, waved collar with cylindrical
marginal glands, and conducting surface of considerable
depth.

Again, N. Bongso, by its reduced vegetative state, narrower
rim, less elevated posterior beak, and other peculiarities, leads
us to a series such as N. tentaculata, N. gracilis, N. alata, and
N. distillatoria, all characterized by an abundance of lid-glands,
narrow reduced collar, that carries correspondingly reduced
marginal glands, and gradually deepening conducting surface,
which in the last is from one half to two thirds the depth of the
pitcher. N. Pervillei, N. laevis, and N. Vieillardii appear to
be in structure divergent forms from these. The closely related
species, N. Phyllamphora, N. khasyana, N. Madagascariensis,
and N. Kennedyana, are all highly evolved forms in which
the long tubular pitchers, richly honeyed lids, large sausage-
shaped marginal glands, and deep conducting surface, suggest
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424 Macfarlane.—Observations on Pitchered

a common origin, though their geographical distribution is now
so diverse.

Lastly, N. Lowii is very difficult to connect with other
species, and seems early to have branched off from a primitive
type.

On page 425 I have arranged a chart which gives the struc-
tural relations of the species, and though it would be rash to
assert that it is genealogically correct in every connexion,
I think it may fairly and approximately be taken to represent
the leading lines of development followed in the evolution of
the species. As explained later on, a complicating factor is
introduced in the ease with which Nepenthes hybridize, and
there is some difficulty in ascertaining what may be regarded
as species capable of perpetuating themselves.

The more general consideration of the histology of Nepenthes
may now be entered upon.

(a) Vascular supply. A special feature of the genus Ne-
penthes is the intimate relation which the vascular system
bears to the glands. In Sarracenia and Darlingtonia the
glands are never connected with the vascular system ; in the
more complex lid-glands of Heliamphora I have repeatedly
observed that vascular bundles pass behind or appear to
end in them, but my material has been insufficient to
assure me.

In Nepenthes every gland is directly seated on a vascular
bundle, or a vascular diverticulum ends beneath it. This fact
is beautifully demonstrated if pitchers are macerated in the
manner recommended in Part I of this paper (Annals of
Botany, Vol. iii, p. 254), • and are gradually dissected from
without. A xylem and phloem portion are readily distin-
guishable by their respective elements in any bundle near the
base of an alluring, attractive, or digestive gland, but the
direct junction consists of slightly elongated cells with dense
protoplasmic contents. The vascular supply to the marginal
glands is, as we might expect, most complex. Each ridge of
the corrugated collar is traversed internally by a strong
bundle given off from a common encircling one, and this,
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Common type
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when it approaches the gland, splits up into five or six
branches that run down close against its side and near to its
free end. Each gland, therefore, is surrounded by a circle of
bundles (Plate XX, Fig. 13).

(b) General mesophyll-tissue. This has been fully described
by several authors, and consists of large loose cells interspersed
with many long spiral cells, such as are so abundantly found
in the stem. The latter must give a high degree of tenacity
and flexibility to the plant. But, as in the Sarracenias, the
mesophyll-cells beneath the inner pitcher epidermis show
secondary deposits of thickening matter on the primary mem-
brane in which unthickened spot-like areas are left. The
centre of each is traversed by one, rarely two, pore-apertures,
that can be easily demonstrated under a Zeiss D objective by
proper light manipulation. For rapid transference of food-
material the appropriateness of these being on the inner side,
next the pitcher-cavity, is evident.

(c) Epidermal modifications other than glands. At least
three varieties of hair may be encountered over the outer
surface of many species. Most common is the short, flat,
brown hair made up of a shallow stalk-cell with five depressed
cells at the top. Frequent with these (as in N. Veitchii,
N. villosa, &c.) are compound tufted hairs, each made up
of a stalk varying in length, which gives off five to fifteen
arms. It is to the presence of this type of hair that the
pilose or hairy aspect of many species is due. On the
pitcher and outer sepal-surface of various species (e. g. N.
villosa), are long, simple, upward-directed hairs ; while those
of N. bicalcarata are short, multicellular branching processes,
the cells of which are jointed to each other in an oblique
manner.

Ordinary stomata occur on the under laminar surface, and
are often very numerous. Peculiar ' minute reniform transverse
excrescences' (Hooker), first noticed, so far as I am aware, by
Oudemans1, are referred to as follows by Wunschmann2.

' De Beker-planten, Amsterdam, 1864.
» Ueber die Gattnng Nepenthes, Berlin, 1872, p. 21.
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' In this place I have to mention peculiar formations the
existence of which I intimated before (p. 19), and which
are only found on the wax-covered portion of the inside of
pitchers. These are one-celled formations of peculiar form
rising obliquely over the flat epidermis. The outer partition,
which rises in a very small angle over the even part of the
epidermis, is vaulted in the form of a saddle; there, where
it begins to descend, the cells are spread in pretty large
number in the epidermis, and lie always so that the saddle-
like depression is directed towards the bottom of the pitcher.
They are only distinctly to be recognized after removal
of the waxy covering by which they too are covered, and
which after melting in boiling water, or application of alcohol,
fastens itself generally in the depressions. These cells have
no glandular character at all, and the supposition which
Oudemans occasionally expresses, viz. that possibly through
them the secretion of the waxy granules is effected, appears
to be unfounded, because the granules are spread irregularly
all over the outer skin and are by no means to be found
in greatest numbers in the immediate neighbourhood of the
cells. These are evidently formations to be put with the
one-celled hairs,- and are only remarkable in so far as they are
broader than high, so that their broad diameter is twice as
great as their length.' These stud the conducting surface
of all species in which this is of any depth. Dickson sug-
gested that they might be modified stomata, since each
' transverse excrescence' was shaped like a stomatic guard-
cell. He did not however find direct proof. By careful
examination of several forms, most successfully of N. hybrida
(N. khasyana crossed by N. gracilis) and N. albo-marginata,
I have found in adult pitchers every transition between these
and perfectly formed stomata. Reference to developing
pitchers furnished verification of the observations on adults.
While the pitcher of N. hybrida is still only one and a half or
two inches long, the formation of stomata can be seen to pro-
ceed quite normally. Later they begin to be obliquely placed,
and in pitchers about two and a half or three inches long,
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each stoma has one guard-cell hid from view, along with the
stomatic orifice, by the excrescent and parallel position of the
outer cell. Each excrescence is therefore a stoma so placed
that one of its guard-cells protrudes next the observer, while
the other is pushed inwards. It at once occurred to me that
the conducting surface seen in many Nepenthes might repre-
sent a water-stomatic region, and by inspection of undisturbed
pitchers at different hours of the day I found that a con-
siderable supply of liquid exuded from large pitchers with
deep conducting areas, such as N. khasyana, &c. The
amount was greatest in the morning, to judge from the size
and number of exuded drops. Now Griffith1 and Hooker2

have likened the pitcher of Nepenthes to an enormously
developed terminal water-gland of a leaf, and the conditions
now indicated verify this. I hope in time to conduct experi-
ments on the excretion of water, as the possibility presents
itself of these modified stomata being the source of most of
the liquid found in the pitchers.

(d) Glandular modifications of the Epidermis. These I will
speak of according to their position and use, as (1) alluring
stem-glands, and (2) alluring leaf-glands, both secreting
a sweet juice intended to decoy insects to the pitcher-orifice ;
(3) attractive lid-glands, and (4) attractive marginal-glands,
both exuding a sweet juice, the latter particularly relished
by insects, and so placed as to induce them to step on to the
inner pitcher-surface ; (5) digestive glands, which, as already
pointed out, may either be spread over the whole interior,
or be restricted to the lower part of it.

Alluring stem- and leaf-glands. These in their simplest
condition are composed of a flat layer of columnar epidermal
cells, with clear protoplasmic contents, and two subjacent
layers of angular epidermal cells, lying upon two layers of
clear bead-like cells, beneath which the terminal cells of the
vascular bundle end (Plate XX, Fig. 13). In the growth of
three sets of seedling plants that I have examined, these

1 Posth. Papers, Vol. ii, p. 77.
2 Trans. Linn. Soc. Vol. xxii, pp. 415-424.
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alluring glands always appear earlier than the lid-glands,
as a few may be encountered on the fifth-eighth leaf, while the
lid-glands are absent until the ninth-twelfth foliage-leaf has
appeared. They are distributed in each species to a varying
extent over the stem, petiole, mid-rib, under laminar surface,
tendril, outer pitcher and lid surfaces. After examination
of all the species, extremely few have been found on the
upper laminar surface, except in three species soon to be
touched on, and there are evident reasons for this. It may
be laid down as a general rule that they increase in number
as one passes from stem to outer pitcher-surface, and on the
latter they are most abundant along the dorsal wings and
near the pitcher-orifice. In N. Veitchii, while abundant on
the under laminar surface, they are densely set at the base
of the petiole as if to tempt insects to pass from the stem to
the leaf. This is also true to a great extent of N. Northiana.
The deviations which they show from the simple flat type
already described are highly interesting. When placed on the
outer surface of the lid or pitcher they much resemble attractive
lid-glands, with the addition that a covering flap of epidermal
tissue varying in extent grows over them, or more commonly
even, like certain attractive lid-glands (N. Lowii, N. laevis,
N. Pervillei), they are so encircled and closed in by the epider-
mal covering that the gland becomes ' perithecioid ' (PI. XX,
Figs. 16, 17), and the sugary secretion exudes from a small
circular orifice of the epidermis. On tendrils and on the under
surface of the lamina the perithecioid form is characteristic,
and it attains its most gigantic proportions on the tendril of
N. bicalcarata, where, owing to rapid growth of the tendril,
the gland-orifice becomes slit-like (PI. XX, Fig. 14), and the
gland-tissue may be one-eighth of an inch in length and one-
sixteenth part of an inch in width.

On the stem still greater modification occurs. In PI. XIX,
Fig. T2, a section is represented taken from the stem of N.
Phyllamphora. Here the gland-tissue has become deeply
and sharply involuted; a lumen, spindle-shaped below,
constricted above, and again widening, opens by a small
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circular orifice; the three layers of gland-cells all show
clear finely-granular protoplasm, and a vascular diverticulum
ends beneath. But in all cases the diverticulum is separated
from the gland-tissue by two layers of bead-like cells, which
in position and function seems to correspond to the metnbrana
propria of animal glands. The similarity of this to a simple
animal gland in shape, structure, excretion, and vascular
supply is obvious, and need not further be dwelt on. The
resemblance, however, is even more striking in the pedicel
gland of N. bicalcarata, as illustrated in Fig. 15, where a
tendency to branching of the gland-tissue occurs. From
each gland a clear viscid juice exudes which is readily sipped
by insects, ants and cockroaches exhibiting a special fondness
for it in plant-houses. When the juice is left undisturbed
for a few days in warm sunshine it solidifies into a white
sugary crust, still acceptable to insect guests, who crush and
munch it with evident relish.

I have already noted that while the alluring glands are
practically absent on the upper lamina in nearly all species,
a few afford a marked exception. These are N. sang.uinea, N.
Northiana, and to a less degree N. bicalcarata. The first two
of these have soft, rich, green leaves, and on their upper surface
as many as twenty to fifty glands may be counted. From
their direct exposure to the sun's rays the secretion soon dries,
and in time appears as a coiled white thread from being
constantly and steadily added to, as fresh material is poured
out. Dried coils three-eighths of an inch in length have been
seen protruding from orifices.

As to the average number on any leaf, the following
statistics will give an approximate estimate. In N. ampidlaria
three leaves showed respectively 35,- 50, and 41 on the under
side, and 5, 7, 10 on the outer pitcher-surface. In N.
Rafflesiana, three leaves showed respectively 8, 15, 11 on the
former, and one pitcher had as many as 50 on the latter.
In N. Veitchii three leaves showed 70, 64, 81 on the former;
115, 83, iai on the latter. In N. sanguinea three leaves
showed 65, 91, and 78 on the under side of the leaf; 49, 64,
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and S3 o n the upper side of the leaf; while a pitcher had
8 a over its exterior. In N. Phyllamphora there were 45,
28, 24 on the under side, and 18, 29, 34 on the pitcher
exterior. In N. khasyana there were 45, 76, and 61 on
the under leaf side, 108 on the dorsal area of the pitcher
between the wings, and 152 over the ventral part, or a
total over the pitcher exterior of 260. In iV". Mastersiana,
a hybrid of the last, a fine pitcher showed a total of 266. It
will thus be seen that the amount varies greatly, but as a
rule the more highly evolved forms have the greatest number
over the external pitcher-surface. The tendril of some
species was entirely destitute of them, while others were
richly provided. N. bicalcarata, for number and individual
size of the glands, is pre-eminent.

Attractive lid-glands. Little remains to be added regarding
these. Usually flat and exposed, they may have a down-
ward-growing epidermal flap, more or less covering them,
which ensures retention of their secretion in the cavity thus
produced or trickling of it towards the pitcher-mouth. But
in several species a perithecioid modification may occur. Thus
Dickson pointed out that N. laevis (N. Teysmanniana), which
has alluring perithecioid glands, shows these on the lid also,
and this alone can distinguish the species from N.gracilis, with
which it is often confused. In the aberrant species N. Pervillei
the gland-tissue is deeply sunk in the lid-substance, and the
secretion oozes out by an extremely minute orifice (Plate XX,
Fig. 17). But N. Lowii furnishes us with the most striking
condition. Opening by relatively small orifices among the
bristles that beset the large lid are huge perithecioid glands
often one-sixteenth of an inch in diameter. As seen in Plate
XX, Fig. 16, the secreting layer is raised into several folds,
and one might expect that the excreted material would be
correspondingly abundant. I have never had an opportunity
of seeing this species alive, being indebted to Messrs. Burbidge
and Veitch for my specimens, but the former states from per-
sonal observation that the liquid exuded is copious. The
honeyed juice of all is readily sipped by insects.
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Attractive marginal glandsx. These glands, which appear in
the first foliage-leaf of seedlings, and which are the first indicated
in developing adult leaves, I regard as the most constant of all.
Attention was first drawn to them by Dr. J. Gibbons Hunt, of
Philadelphia 2, who stated that ' in N. Rafflesiana, N. distil-
latoria, and N. Phyllamphora, and probably in all the species,
are large cylindrical glands which pour out their secretion
through distinct excretory ducts. . . A dense tissue of cells
surrounds and thoroughly embeds these glands in Nepenthes,
and this peculiarity of position renders excretory ducts neces-
sary for the secretion to find its way into the pitchers/ In
1883 Dickson published3 observations on their structure and
the relation of the glands in adult and seedling forms.

For isolation and examination of the marginal glands
I have found that a very quick and efficient means is by
macerating the pitchers in boiling potash-solution for fifteen
to thirty minutes, according to the age and consistency of the
pitcher, and then, after washing in water, to cut off the collar.
The inner epidermis of a portion is then gently pulled up till
near its junction with the marginal glands, and after water has
been dropped on the slide that carries the object, all the
mesophyll-tissue is removed by forceps, along with the vascular
bundles. It is then carefully washed and the inner epidermis
pulled off, while, if the glands tend to rise or separate with it,
a sharp-edged scalpel is softly laid across them to keep them
against the epidermis of the collar now remaining. Prepara-
tions thus made of N. ampullaria or N. Hookeri are of extreme
beauty, and show (Plate XX, Fig. 21) the glands lying in a row,
each in line with its orifice. In the majority of species their
size varies strikingly with the relative depth of the conducting

1 I had hoped that an exhaustive account of these would have been prepared by
the late Professor Dickson, partly from many preparations that he had gathered
partly from additions which I was privileged to make in the course of these inquiries,
but we now mourn his early removal from us. Dr. Archibald Dickson, of
Hartree, has very kindly placed all the material at my disposal, and from this,
supplemented by my own slides and notes, I draw the following account.

" Proc. Phil. Acad. Nat. Science, 1874.
3 Gard. Chron. (n. s.), Vol. xx, 1883.
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surface and elongation of the pitcher, being least in N. ampul-
laria and largest in N. Edwardsiana, where they may be
I inch in length and r^-Tir m c n m width. But in the group
of forms represented by N. gracilis, N. zeylanica (Plate XX,
Fig. 26), &c, with narrow incurved collar, they are very small,
and in N. laevis they are only -g^ — -r\ of an inch long.

Beside descriptions given in Professor Dickson's communi-
cation, I may add the following which I have since gathered.
Those of N. echinostoma are inserted in a depression at the
extremity of each isolated tooth of the collar and are oval in
shape (Plate XX, Fig. 24). In N. Lowii their position is
beautifully indicated in the plate that accompanies Sir Joseph
Hooker's description of the species1. Round the simple
margin minute apertures appear in the middle of little
papillae; each leads into a cavity, the gland of which is
elliptic and blunt at the extremity.

The position and relation of each gland to the surrounding
tissue is illustrated in longitudinal view in Fig. 22 of Plate XX,
and a transverse section in Fig. 23. In the latter the presence
of two layers of clear oval or almost circular cells immediately
outside the gland-tissue proper and internal to the circle of
bundles can readily be demonstrated, and traces of them can
be followed with some difficulty in longitudinal view as elon-
gated spindle-shaped cells. These correspond to the similarly
related cells of the alluring glands already referred to, and
those of the peptic glands next to be studied.

A comparative view of four glands drawn to scale from
widely distinct species is shown in Figs. 25-28, while their
position and appearance in a seedling pitcher from the seventh
leaf above the cotyledons is illustrated in Fig. 29. One sel-
dom sees a copious secretion from these, but the difficulty of
throwing full light on the shaded cavities may explain this.
That the secretion is intensely liked by ants and cockroaches
I have proved by repeated observations.

Digestive glands. These, supposed hitherto to be associated
with the secretion of a digestive substance, are arranged over

1 Trans. Linn. Soc, Vol. xxii.
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the whole interior of each pitcher in such types as N. ampul-
laria, N. Hookeri, N. Lowii, N. Rajah, &c, and in such instances
the glands next the orifice are small, but become gradually
larger towards the pitcher-bottom. Thus in the most exag-
gerated case, that of TV. Lowii, the digestive glands nearest
the orifice of the pitcher are TV i n c n m diameter in a large
pitcher, but the shagreen-like areas formed by each below
may be T

x
Tth of an inch in diameter (PI. XXI, Fig. 35). As

elongation of the pitcher and deepening of the conducting
surface proceeds in the different species, they get restricted to
the lower ventricose part. The size and number of cells com-
posing each gland, the number of glands in a given area, and
the size of the covering flap, may vary greatly; and even in
a single pitcher considerable variations may be observed.
Thus in a large pitcher of N. Lowii the upper glands are of
extremely small size, widely apart, and completely covered by
a deep flap. Easy transitions can be traced till we reach the
bottom, which is paved with huge glands stuck closely to-
gether, and separated from each other by ridges of thick-
walled cells (Fig. 35), which above may show a faint trace
of a flap. Again, in such widely different forms as N. Rajah
and N. albo-marginata there is a similar condition of things,
though less pronounced. But in the two outlying species
that are widely separated geographically, viz. N. Vieittardii
of New Caledonia and N. Pervillei of the Seychelles, we
have each gland sunk in a deep depression of the epidermis,
which forms a bag-like covering with narrowed mouth
directed downwards (PI. XXI, Fig. 34). The latter species
is the most exaggerated. In N. Lowii the upper glands,
though widely apart, amount in a square inch to about
2,000, the very large densely-packed ones of the pitcher-
bottom vary from 250-600 in a square inch. In N. bicalcarata
the round button-like densely-set glands amount to from
5,000-7,000 in a square inch. Hooker gives for N. Rafflesiana
3,000, but even more may be counted in some pitchers of that
species. In all cases their structure agrees with that of the
alluring or attractive lid-glands.
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Development of the glands. The development of the glands
on the detentive surface has been already studied by Wunsch-
mann1, and with slight additions the description can apply
to all except the large marginal glands. The development of
those lid-glands the surface of which is flat or nearly so, and
which are slightly sunk in pocket-fossae, agrees exactly with
that given by him. In the formation of the alluring perithecioid
glands of leaves, and in similarly shaped glands of some lids, an
evident epidermal depression in the region of the future gland
appears about the time that division in its cells is beginning.
Owing partly to rapid division and growth of the marginal
gland-cells, but specially to similar activity in the surrounding
epidermal cells, these last rise up round the central gland-mass,
and cover it in until only a small circular or elliptic aperture
is left in the middle of the covering-in cells.

Each marginal gland is first indicated by the simultaneous
depression of the marginal epidermis and out-bulging of cells
at the bottom of the depression in obovate outline. As in all
the other glands, division of the epidermal cells into three layers
—an outer one of columnar elements and two subjacent ones of
polygonal elements—occurs, while, so far as I can trace, a few are
cut off from the innermost of the three to form the rudiment
of the pulp-cells of the gland. This condition is represented
in PI. XXI, Fig. 30, and is permanently retained in the first
six to eight seedling leaves. Comparison of Fig. 30 with
Fig. 29, taken from the seventh leaf-pitcher of a seedling, shows
that in both each gland is obovate in outline and protrudes
slightly from the depression. But in the former, by continued
outgrowth of the walls of the depression and sinking of the
gland into the cavity, it eventually occupies the deep and
hidden position which caused them to be overlooked by most
observers.

Professor Dickson referred to the usual presence in large
marginal glands like those of N. khasyana and N. Phyllam-
phora, of a central cavity traversing the length of each, into
which elongated cells of the gland projected. These appeared

1 Op. cit. pp. 17, 18.

G g
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to be so invariable in certain species as to suggest that the
cavity resulted from epidermal involution, but it is evidently
due entirely to disruption of the central secreting cells whose
origin has been traced above.

The opportunities offered by the variety of Nepenthes culti-
vated at the Royal Botanic Garden, Edinburgh, for observing
the behaviour of insects have been often taken advantage of by
me. The warm houses in which they grow are constantly
infested by colonies of a small brown ant about half the size of
our fallow-ant. These make nests of from one to three inches
across in the pots and frame-baskets carrying the plants. On
a warm day they are constantly running about, and a large
share of their attention is given to the growing specimens. In
one of the houses cockroaches are abundant, and the pitchers
of Nepenthes are favourites with them during night. I may
now describe an observation made in the summer of 1885.
Being in the house just indicated at 8.30 p.m. on a clear evening
in June, a large cockroach was noticed to be perched on the front
part of the corrugated collar of a fine pitcher of N. khasyana.
Approaching cautiously, it was seen to bend its head into the
pitcher-cavity and sweep it rapidly in successive jerks round
the inner edge of the corrugated collar where the products of
the marginal glands would lie. Sipping the material from these,
it then rested for a moment and enjoyed with evident relish
the cleaning of what adhered to its mandibles. It then
repeatedly tried with its fore-legs to step on to the conducting
surface of the pitcher-cavity, but always slipped, so leaving
this it reared itself on its long hind-legs by planting one on
each side of the rim, catching with the middle legs on to the
lower sides of the lid. Placing its fore-legs on the middle
of the lid, it swept with its mouth-parts the richly honeyed
surface in long lines. But this did not appear to be satisfying,
when compared with the product of the marginal glands, for it
speedily returned to these and renewed its jerking mode of
feeding. It again attempted to get into the pitcher-cavity, but
finding this unsafe, it finally licked up traces of the marginal
gland-secretion which its fore-feet had smeared on the cor-
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rugated collar. Running down the outside of the pitcher it
passed up the tendril and on to the under laminar surface,
where its presence would have been perfectly unsuspected had
any insectivorous birds been in the neighbourhood, and where
also, as Mr. Symington Grieve has suggested, it would have
been sheltered from the sun's heat in the daytime. I gently
scratched the upper surface above where it was, and it at once
retraced its steps in a hurried manner, till it reached the outer
surface of the pitcher. Here it rested for a time sipping the
juice which exuded from alluring glands, but it soon passed
to its old position on the collar. Though disturbed a few
minutes before, it seemed quite to forget its fright, and again
fell to cleaning the marginal gland-orifices with the utmost
care and gusto. It rested now and again only to resume
operations, once making a short excursion to the lid-surface,
which appeared to me to offer far greater attraction, but
seemingly regarding this as inferior it returned to the collar.
Constantly trying to get on to the conducting surface and as
often foiled, it again ran up along the tendril to the under side
of the lamina. Again I scratched this, and the former course
was taken, the former efforts made. I was greatly struck by
the careful way in which, while attempting to pass into the
pitcher, it hooked its two strong hind-legs over the reflexed
collar-margin, and by the ability it showed to pull itself back
by these alone, the second as well as the first pair of legs often
being inside the pitcher. Tired of its movements after the
fifth excursion, and finding that twilight was approaching,
I finally jerked it into the cavity with my pencil, as it hung
on the ridge exploring the interior. In its fall it quickly
spread out its long legs against the sides of, the conducting
surface and struggled violently to get out. For a short time
this proved useless—it rather slipped deeper; but after one
severe effort, it hooked the claws of its fore-legs over the
corrugated rim and pulled itself out. I considered that it had
fairly earned liberty and it speedily moved off. Before leaving
I looked into the cavity and saw two decaying cockroaches in
the bottom. Returning next morning with Professor Dickson

G g 2
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and Mr. Lindsay to show them the pitcher, a living one of the
size that had been watched was inextricably struggling in the
bottom. Whether it was the observed one of the previous
evening could not be determined. This was the first oppor-
tunity that presented itself of proving that the marginal gland-
secretion is exceptionally attractive, but to further verify this
I have since watched ants for hours. The results confirm and
amplify what has already been said. Running up the stem
the insects turn to right and left in quest of food; a globular
drop oozed out from an alluring stem-gland arrests them for
a time ; at this they sip and tear, the secretion being viscid,
or often dried into a white sugar-like substance. Leaving
this they pass on to the leaf-base, and almost invariably keep
its under side. This, as already stated, appears to be a device
to shade them from enemies and warm sun. Not only so, in
many species the alluring laminar glands are greatly massed
along the sides of the thick mid-rib, and the shadow on one
side of it affords further protection. Moving on restlessly
and sipping as they go, they reach the tendril, which in some
species, notably N. bicakarata, offers a rich feast. The wing-
like pitcher-flaps and areas between are more beset with
alluring glands than the rest of the exterior, and along this
therefore, in most cases, they pass till they come to the orifice.
The attractive lid-glands prove in most species, particularly
in N. sanguinea, N. khasyana, and N. Phyllainphora, a great
attraction, but even these sink into insignificance if the insect
reaches the marginal glands. Straining to get at the orifices
of the glands, they over-reach, and, falling into the cavity, in
very rare cases indeed, out of the dozens that I have watched, is
escape possible. t The irregular and struggling efforts made
by insects on the conducting surface of a pitcher is highly
instructive, and demonstrates how extremely effective it is for
the work in hand.

It will thus be seen that running insects frequent Nepenthes
in our conservatories, unlike the Sarracenioids, which, as already
stated, are practically only visited by flying ones. It is not
that the latter are excluded, for on warm days, when the top

 at H
arvard L

ibrary on July 12, 2015
http://aob.oxfordjournals.org/

D
ow

nloaded from
 

http://aob.oxfordjournals.org/


Insectivorous Plants {Part II). 439

ventilators are open in the Sarracenia- and Nepenthes-houses,
they pass into the former, but seem to avoid the latter. It may
be a question of relative heat with the insects, but the matter can
only be satisfactorily settled by examination of pitchers in
their native haunts, or of the contents of such if carefully trans-
ported to this country.

The number of insects caught is frequently very great, and
some species seem to excel in this: N. Hookeri, N. Rafflesiana,
N. albo-marginata, N. khasyana, and N. Phyllamphora are
the finest catchers; N.gracilis,N.sanguinea,N. Teysmanniana,
and N. distillatoria are indifferent; while N. ampullaria is
bad. I give this only as my experience in plant-houses, but
when wild the results may be different, though I do not think
widely so. That the presence of insects in the cavities either
by sight or odour helps to attract others has often occurred
to me as being an aid to the honeyed bait. That they draw
the higher animals is undoubted, and I may here notice the
ingenious and likely hypothesis which Mr. Burbidge has
proposed to account for the two spurs of N. bicalcarata.
The rodent Tarsius, in the region where the plant grows,
frequents various Nepenthes to rifle the pitchers of their insect
earnings by bending down and shovelling out the contents.
It has learned, from being caught in the nape of the neck by
the two spurs, to shun the species named. Four seasons ago,
a rather small pitcher of N. Hookeri caught within a fortnight
seventy-three cockroaches, large and small, having been
emptied out on three occasions. The odour resulting from
digestive decomposition would undoubtedly tempt those
succeeding the first few caught. My experiments have not
been extended enough to enable me as yet to advance our
knowledge of the digestive action carried on in the pitchers,
but I hope to publish on this at a later period.

I can scarcely leave this part of my paper without referring
to the remarkable relation which N. bicalcarata has to an ant
that frequents it, as described by Mr. Burbidge. The matter
completely puzzled me, till that gentleman kindly gave me
his simple but original explanation. In seven out of every
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ten pitchers which one may examine from their native haunts,
a neat round hole is drilled in a swollen region of the tendril
opposite the pitcher-bottom, while all pitchers, whether brought
from their natural habitat or grown in conservatories at home,
show the fusiform swelling. The explanation seems to be
that this kind of ant, finding it could not reach the cool juice
of the pitcher-cavity in the ordinary way without permanent
risk to itself, has learned, on the physical principle that water
will rise to its own level, to drill a hole in the tendril, and the
liquid filtering up through the cells oozes out to regale the
waiting ant. But the most interesting point about the
condition is, that while plants grown in our conservatories
are not troubled by the insect, the continued hypertrophy
brought about by the constant liquid supply has so affected
the constitution of the plant that the acquired character is
hereditarily transmitted. Mr. Burbidge has informed me that
the centre of the swelling is generally hollow, but both in
material brought home by him and kindly placed at my
disposal by the Director of the Royal Gardens, Kew, as well
as in home-grown pitchers, if these are rather young, the tissue
is solid though loose in texture, a breaking down of the cells
only taking place in the older specimens.

VI. GENERAL MORPHOLOGY AND HISTOLOGY OF THE

FLOWERS OF NEPENTHES.

I have already stated (p. 416) that the Sarraceniaceae show
many points of affinity in flower-structure with the Nepen-
thaceae, and the affinity in pitcher-morphology has been already
explained. Though somewhat of a digression, I may be
allowed to discuss the systematic characters of the two orders,
for I feel convinced that we have to deal with a group of plants
that constitute a very natural alliance, though, owing to wide
isolation in past ages, they have diverged in points which are
of generic importance only. For comparison I subjoin the
systematic characters of both orders in parallel columns.
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Sarraceniaceae.

1. Perennial herbs with rhi-
zomes, growing in marshes.

a. Leaves with expanded
sheathing leaf-base, ascidiform
by excavation of the mid-rib,
glandular and hairy without
and within, or within only.

3. Leaf-glands multicel-
lular, alluring attractive (and
digestive ?) in function; seldom
or never connected with
bundles.

4. Pitcher continuous with
the basal leaf-portion.

5. Inflorescence solitary or
racemose; flowers hermaphro-
dite, large, and green, greenish-
yellow, yellow-red, or reddish
purple.

6. Sepals 4 or 5, green or
slightly petaloid, covered with
glands like the attractive lid-
glands, glabrous, free, hypo-
gynous.

7. Petals o or 5; large, free,
hypogynous.

8. Stamens indefinite, free,
hypogynous; anthers a-celled.

Nepenthaceae.

1. Under-shrubs with feeble
stems, growing in marshes and
wet places.

2. Leaves with expanded
leaf-base, ascidiform by ex-
cavation of the mid-rib, glan-
dular and hairy or glabrous
without, glandular within.

3. Leaf-glands multicel-
lular, alluring attractive (and
digestive?)in function; of large
size, and connected with
bundles.

4. Pitcher continuous with
leaf-base in seedling, but
separated in the adult by the
intervention of a tendril.

5. Inflorescence racemose,
flowers small, dioecious, rarely
hermaphrodite in teratological
specimens; green, greenish-
yellow, or red.

6. Sepals 4, rarely 3, green
or slightly petaloid, covered
with glands like the attractive
lid - glands, hairy without,
glabrous and glandular with-
in, free or slightly connate,
hypogynous.

7. Petals, o.

8. Stamens (of staminal fl.)
4-16 connate, hypogynous,
anthers 2-celled.
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Sarraceniaceae.

9. Ovary free, 5 3 celled ;
placentas attached to the in-
flexed margins of the septa.

10. Style short, with simple,
or truncate, or dilated ex-
tremity, bearing $-$ stigmatic
lobes.

11. Ovules numerous, mul-
tiseriate, anatropal.

12. Fruit a 5—3 celled cap-
sule, dehiscing loculicidally,
and surrounded by the per-
sistent calyx.

13. Seeds indefinite, small,
ovoid and wingless with crus-
taceous testa, or elongated
with loosely reticulate testa,
or ovoid with winged testa.

14. Albumen copious:fleshy.
15. Embryo ovoid or cylin-

drical, straight in the albumen.

Nepenlhaceae.

9. Ovary free, 4-3 celled;
placentas septal.

10. Style short, with simple
truncateextremity and bearing
4—3 stigmatic lobes.

11. Ovules numerous, mul-
tiseriate, anatropal.

1 a. Fruit a 4-3 celled cap-
sule, dehiscing loculicidally,
and surrounded by the per-
sistent calyx.

13. Seeds indefinite, small,
ovoid and wingless, or elon-
gated and with loose reticulated
wing-like testa.

14. Albumen copious,fleshy.
15. Embryo sub-cylindric,

straight in the albumen.

The agreement of the above characters establishes not
a mere analogy, or remote relationship between two orders, as
botanists have hitherto supposed, but gives to all the genera
a common ordinal value; for the herbaceous or semi-shrubby
mode of growth, presence or absence of tracheids in the tissues
and of petals in the flowers, the distinct or fused stamens, and
other points of difference, are not sufficient, and have not been
made sufficient by systematists hitherto, for the separation of
genera that otherwise showed decided affinities.

The following condensed description would enable us to
diagnose readily from all others an order which might appro-
priately be termed the Ascidiaceae :—

Glandular herbs or under-shrubs, inhabiting swamps and
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wet places; stem creeping prostrate, or upright and ascending
by tendrils ; leaves with or without flattened lamina, sometimes
tendriliform, ascidiform, and adapted for insect-catching;

flowers regular, solitary, or racemose, hermaphrodite or
dioecious, entomophilous; sepals, 5> 4, or 3, green or coloured,
hypogynous; petals, 5,4, or o, greenish or colouredwhen present;
stamens indefinite (rarely definite), hypogynous, free or connate
into a tube, anthers i-celled; pistilsyncarpous, of 5,4,or 3 carpels,
with central (axile) placentation ; ovules anatropous, horizontal
or ascending; style short, with truncate flattened or expanded
extremity, bearing 5, 4, or 3 stigmatic lobes; fruit a capsule,
surrounded by the persistent calyx, dehiscing loculicidally into
5, 4, or 3 lobes when ripe; seeds small, ovoid, elongate-
appendiculate or winged, testa crustaceous or loosely reticulate ;
albumen fleshy ; embryo straight in the albumen.

I have been able to examine minutely the flowers of most of the
Nepenthes, and in all the under-surface of the sepals is clothed
with fine hairs like those on some parts of the foliage-leaf,
particularly the pitcher. Lying amongst these may be a few
perithecioid glands which in N. bicalcarata resemble those of
the under surface of the lamina and are equal in size or larger.
From 3—6 may occur on each sepal, but they are absent or
very scarce in most of the species.

Of special interest is the fact that in N. Pervillei, greatly
isolated geographically and modified morphologically, the
flower-stalks as well as the sepals are abundantly glandular.
The glands of the stalks are very abundant, small, consider-
ably elongated, and sunk usually in rather • deep cavities
(Plate XX, Fig. 18). The upper surface of the sepals in every
species is closely covered with nectar glands (Plate XX, Figs.
19, 20), which even an expert could not distinguish from the
attractive glands of the inner lid-surface. Thus a preparation
from the marginal part of the lid and from the upper sepal in
N. khasyana, when placed under the microscope side by side,
would be undistinguishable, except perhaps from the slightly
smaller size of the glands in the latter.

There is a decided tendency in many species to sinking and
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444 Macfarlane.—Observations on Pitchered

folding of the gland with restriction of the exposed surface,
but in N. Pervillei this is carried to such an extent that each
gland opens by a very narrow elongated orifice. The shape
of the lid-glands, therefore, and those of the sepals is identical.
But this does not follow in all cases, for in N. Lowii, with
huge perithecioid lid-glands (Fig. 16), the sepals have large
but open or only slightly constricted orifices.

The amount of nectar secreted is in all cases great.
Mr. Burbidge tells me that when flowering the inflorescences
are constantly surrounded by clouds of small insects that buzz
round them or alight to sip the juice.

The pistil does not call for special note.

VII. ARRANGEMENTS FOR POLLINATION IN FLOWERS OF

NEPENTHES AND CEPHALOTUS.

Nepenthes. The flowers being so small and the sepals so in-
conspicuous individually, one might have expected that wind-
pollination would take place: but an entire raceme presents
a decidedly striking contrast in the midst of surrounding foliage,
and the nectar being copious, any insects attracted are amply
rewarded. That pollination is usually effected by aid of the
hosts of small insects which hover over the flowers is, as Mr.
Burbidge thinks, extremely probable, and the dioecious habit
of the plants renders a passage from one to another necessary.
But that the outer surface of the sepals in several species and of
the flower-stalks in N. Pervillei, and occasionally in N. bical-
carata and other species, should be honey-baited, suggests the
alluring to them in some cases of such running insects as
frequent the pitchers, viz. ants, &c.

In our hot-houses these insects visit them in numbers after
traversing stems from ten to twenty feet long. Their careful,
inquisitive movements, and examination of everything in their
path, suggests that they may carry pollen in a locality where
Nepenthes scramble amongst the undergrowth.

Cephalotus. Professor Dickson drew attention to the
extremely diffuse condition of the alluring glands in this
genus, which are scattered over the outer surface and stalks of
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pitchered leaves as well as of flat unpitchered ones. I find them
likewise on the scales of young rhizomes, on the long, slender
flower-stalks, and on the bracts which these bear. In the two
last cases they occur among the slender, elongated' encapsulat-
ing ' hairs of Dickson. On the outer surface of the sepals
they are even more numerous and larger.

The receptacular processes between the stamens and carpels
are specially curious. Each is a stout, hollow, up-bulging of
the epidermis of the receptacle (Plate XXI, Fig. 37), which
rarely may bifurcate, but in all cases ends in a flat top, com-
posed of an outer circle of cells with two central semi-lunar
cells, showing what is apparently a stomatic orifice between
them. I have tried to learn by study of living flowers what
these secrete, but have got no satisfactory result. They may
exude something to tempt insects amongst the stamens and
carpels for pollination purposes, but their appearance suggests
rather that they are stalked stomata.

Insects are seldom caught by the pitchers of this genus so
far as I know them, and I have never seen insects about the
flowers. From the accounts of those who have examined the
plant in a wild state, we learn that the pitchers do catch a
tolerable number of insects, and that these will be attracted
to the flowers is natural, since alluring glands are everywhere
very abundant.

VIII. O N HYBRIDITY AND RELATION OF THE SPECIES TO

EACH OTHER IN THE DIFFERENT GENERA.

In the course of the present inquiry I was greatly impressed
with the number and beauty of hybrids obtained by gardeners
during the short time that these plants have been in general
cultivation. Equally was I impressed, from conversations with
well-known importers and cultivators, by the difficulty expe-
rienced in deciding whether certain forms raised from wild
seed should be viewed as true species or hybrids. I deter-
mined, therefore, to include hybrids in the range of my work.

In his article on Nepenthes in the Gardener's Chronicle1,
1 Op. cit. Vol. xx, 1883.
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Professor Dickson gave the known genealogy of some seedlings
raised in the Edinburgh Botanic Garden, and now known as
N. edinensis. A glance at the genealogy will show that species of
Nepenthes hybridize freely, that hybrids are themselves fertile
and by renewed crossing may give rise to offspring which in
their turn are fertile. A practical knowledge of the species
and hybrids therein named, as well as of others in the market,
enables one further to say that so far as habit, shape, colour,
and power of propagation go, the offspring shows qualities
strikingly characteristic of both parents, and the same equally
holds true regarding Sarracenias.

Now amongst biologists it has been asserted, and by none
more strongly than the advanced evolutionists, that new forms
are produced, not by inter-crossing of species, but by perpetu-
ation of variations in the same species. The objection has
often been urged against evolution as ordinarily defined, that
its methods are too slow for the results attained in the limited
time which physicists will alone give. Can any explanation be
given which would account for a hastening of the process ?
Here we may have what is desiderated, for though hybridiza-
tion means, at first sight, merely the blending of peculiarities
and advantages already gained, and therefore the possession
of a form in no way more highly evolved., on closer inspection
we can convince ourselves that a real and great advance may
be effected. To take a concrete example, N. sanguinea is
a species whose rich crimson finely-shaped pitchers give it
a beauty all its own, while its copious secretion of honey
renders it attractive to insects. Its large, soft, succulent leaves
and shoots suggest powerful assimilating capabilities. But
placed against this is the experience of all cultivators that
it does not pitcher freely. On the other hand, N, khasyana
has long lurid-green and rather unshapely pitchers, its honey-
baits are abundant, its leaves are shorter and much narrower
than in the previous one, it pitchers freely, and can readily be
propagated. As a result of cross-pollination we get the mag-
nificent N. Mastersiana,by far the finest of the many interest-
ing hybrids which the Messrs. Veitch have sent out, and which
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combines in a remarkable manner the good points of both
parents, and few or none of their bad ones. Further, be it
observed, the inheritance of these in a single form gives it an
advantage over both parents which will go far to perpetuate
it, and if the sexual organs are not specially weakened, the
superiority will be complete.

Now what the gardener has done artificially in the above
case nature does often accomplish unaided. If, then, this
holds true of Nepenthes and Sarracenia, it is highly probable
that the results have a wider application. It must be freely
acknowledged that the balance of evidence as furnished by
the experiments of Kolreuter, Gartner, Wichura, and Darwin,
is opposed to the above, but many factors have to be accounted
for before a final conclusion can be reached.

One very important outcome, however, of the microscopic
study of hybrid pitcher-plants has been the demonstration
that all the cells of these exhibit the peculiarities of both
parents in blended fashion. It is not intended in this paper
that these should be exhaustively studied ; we would merely
refer in detail to the structural conditions presented by the
interior of the tubes of a hybrid Sarracenia and those of its
parents.

Amongst a set of seventeen hybrid Sarracenias kindly sent
me by the Curator of Glasnevin Botanic Garden, was one now
known as .S. Swaniana, the product of a cross between S.pur-
purea and 5. variolaris, the latter being the male parent.

Tube-structure of S. Swaniana and of its parents. The
surface-cells of the inner lid-epidermis, in parents and hybrid
alike, are very wavy in outline. In S.purpurea 5-6 stomata
can be seen in the field of No. 7 Leitz objective with No. 1
eye-piece; in S. Swaniana there are 3-4; and in 5. variolaris
2-3. The downward-growing hairs (Plate XIX, Fig. 6) of
S.purpurea are long, stout, and with evident striae, there being
15-16 commonly shown on surface-focussing of a hair. The
hairs spring from greatly enlarged epidermal cells, and are
mostly uniform in size, one in five only being rather reduced.
Seven to eight appear in the field of No. 3 Leitz objective
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with No. i eye-piece. In S. variolaris the hairs are dagger-
shaped ; each springs by a greatly enlarged base from an
epidermal cell, and then rather suddenly narrowing, tapers
into a fine point. The surface is finely striate, 25-30 striae
appearing on surface-focussing. In size the hairs vary greatly,
though all are much smaller than those of 5. purpurea, there
being 35-38 hairs visible at once under the same field as
above noted. Similar examination of 5. Swaniana shows
3-4 hairs under field of view exactly like those of 5. pur-
purea, and 15-17 like those of S. variolaris, though both are
rather feebler in form. The conducting surface in S. purpurea
is a narrow zone about three-eighths of an inch deep, that of
S. Swaniana is one to one and a half inches, while that of
S. variolaris is one and a half to two inches, according to the
size of the specimens. In S. purpurea each cell of the conduct-
ing surface is irregularly quadrangular or pentagonal in shape,
and its lower edge is raised into a papilla, towards which
a few converging striae unite (Plate XIX, Fig. 6). In
6". variolaris each of the epidermal cells nearest the attractive
surface is rounded-angular in shape, and its lower part is
prolonged into a triangular hair-process measuring 20 p long,
while its surface is traversed by fine and dense striae. The
corresponding hair-processes that grow but from the lower
part of the conducting surface are greatly finer and more
tapered, and are twice as long. In the hybrid the cells nearest
the attractive surface are rounded-angular, though the angu-
larity is more pronounced than in the last. Each cell has
a tapered—scarcely triangular—hair-process from 12-15 n
long, which is traversed by striae, intermediate in fineness and
number, between those of the parents. Deeper down they
show the effect of the male parent, in that the hairs elongate
till they are 25-30 n long, while occasional cells may have
processes 30-35 /u in length, thus indicating a greater unisexual
luxuriance in these.

The glandular region of 6". purpurea is tolerably deep, quite
glabrous, and its cells are equiradiate or transversely elongated
with extremely wavy walls. The glands are abundant, 3-4
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being visible under Leitz objective with No. 1 eye-piece. The
demarcation of the glandular and detentive surfaces is very
sharp, as the cells of the latter are straight-walled. From
a few of these the long slender hairs of the detentive surface
(Fig. 6 d') spring.

A separate glandular surface does not exist in 6". variolaris,
and the junction of conducting and detentive surfaces, though
sharply marked so far as the size and distribution of the hairs
goes, is scarcely traceable in the character of the surface-cells,
which remain nearly uniform throughout. In the hybrid one
reaches an area just below the inferior limit of the conducting
surface, where many of the epidermal cells are devoid of hair-
processes, are considerably elongated, and have sinuous walls,
thus presenting a very average type between the wavy-walled
cells of the one parent and the straight-walled cells of the
other. But a few of the cells are thick and straight-walled,
and grow out into long delicate hairs typical of a detentive
surface. It is the occurrence of these on what is undoubtedly
the representative in the hybrid of the glandular surface of
S. purpurea that causes me to regard that surface as a modifi-
cation of the upper part of the detentive area. There are
numerous glands, as one might expect.

The surface-cells of the detentive region in S. purpurea
are polygonal and rather thin-walled; the detentive hairs are
very long^nd fine (Fig. 6 d'), the larger ones measuring i-6 mm.
Glands are entirely absent. The surface-cells in S. variolaris
are elongate-sinuous and thick-walled; the detentive hairs
are fine but short, the longer ones measuring -5 mm. Nu-
merous glands are found over the upper region, but disappear
entirely from the lower. In the hybrid the surface-cells are
slightly elongate and show faint traces of a sinuous outline;
in thickness they rather seem to approach the latter parent;
the longest detentive hairs are 1 to 1-2 mm. It is thus
evident that every epidermal cell of the hybrid pitcher reveals
the blended action of the sexual elements of both parents.
As regards the lid-hairs and the cells from which they spring,
one might suppose that these are reproduced in an unaltered
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manner, but the change observable in their size as compared
with those of the parents proves that they equally are
altered.

Every species of Sarracenia has now been crossed, and
many of the hybrids have been successfully recrossed. The
same is true of cultivated species of Nepenthes, and it remains
to be seen how far these will show fertility and keep true to
the inherited features.

IX. SUPPLEMENTARY NOTE ON THE MORPHOLOGY OF

THE LEAVES AND PITCHERS.

In No. 13, Vol. iv of the Annals of Botany, Professor
Bower has subjected to detailed criticism and comparison
his own and my views regarding the morphology of pitchered
insectivorous Plants, and since the latter part of my paper
was in MSS. Professor Goebel1 has expanded his previously
expressed opinions 2 on the subject. A few words in reply
may not be out of place.

Both writers, I believe, err in tracing the earlier develop-
mental stages, without attempting to connect these step by
step with all the peculiarities shown in the mature condition.
Thus Professor Bower objects to the view that there is more
than one pair of leaflets in Nepenthes, and this at once leads
up to the fundamental difference in our treatment of the
subject. He regards as leaflets only such rounded outgrowths
of the mid-rib as develop early from it in an isolated manner,
and by comparatively narrow attachment. Such a limitation
would involve the assumption that leaflets are formations
distinct from, and at no period in their history derived from,
the lamina or the ' wings of the phyllopodium.' But develop-
mental evidence and the structure of mature leaves alike
prove that they are lobes of the ' wings' which by localized
and intercalary growth have been separated from the latter.
The transitional stages in the process furnished by Umbelli-

1 Pflanzenbiologische Schilderungen, Part II , 1891.
2 Vergl. Entwickelungsgeschichte der Fflanzenorgane, Schenck's Handbuch der

Botanik, Bd. iii.
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ferous, Acanthaceous, and even more ancient alliances like
the Ferns, are too numerous to admit of doubt. Complete
verification of the position is furnished by leaves of Gleditschia
triacanthos. In addition to the ordinary pinnate leaves that
appear chiefly on shoots from second year's wood, and the
bipinnate, more rarely pinnate, leaves that spring from the
first year's wood, hundreds of examples can be got from
a single tree, where every transition-stage, from an entire
leaflet to one cut up into secondary leaflets, is presented.
Some of these are illustrated in Figs. 38-43, and clearly
prove that leaflets, historically, are restricted parts of an
originally continuous lamina or ' wings of the phyllopodium.'
Localized growth of one region is usually associated with
intercalary or apical growth of another, and thus leaf-
indentations, leaf-lobes with broad insertion on the mid-rib,
and leaf-lobes with narrow insertion (so-called ' pinnae') are
transitional phases in leaf-modification. To fix on any one
of these in its earlier development, and arbitrarily separate
it from the others, no matter what the subsequent history
is, can only obscure the true issues. On this account I would
designate as leaflets any portions of the originally continuous
lamina, or ' wings,' which become completely isolated along
the mid-rib at any period of development up to the stage
when maturity is reached. Certainly it might be convenient
for descriptive purposes to use terms, as is actually done,
that would approximately indicate stages in leaf-division,
but at best these would be inconstant, and conveniences
of expression only.

It is impossible moreover to restrict the term leaflet to
'such growths as arise at an early period in definite order
upon the wings,' for in the leaflets of Gleditschia already cited,
as well as in many other plants, such order is often broken
through.

Goebel, speaking of the pitcher-flaps in Nepenthes and
Sarracenia \ says, ' in alien Fallen sind diese Fliigel nach-
traglich entstandene Wucherungen,' but such is not the case,

' Op. cit. p. 102.

Hh
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as Goebel's figures prove. They are traceable in the four
genera now reviewed as early as, or soon after, indications of
the pitcher-invagination appear; and in Nepenthes Goebel
acknowledges that what is an originally continuous leaf-blade
in earlier development, becomes by intercalary growth
separated into a pair of pitcher wings and basal wings (p. 103).
He takes exception to these being termed leaflets, but in
view of what has been said above I must adhere to the
explanation given. Bower objects to the lateral flaps of
a Nepenthes-pitcher being viewed as leaflets since they
originally form parts of two ' smooth flanges in very early
stages of development.' Not merely the early stages of
development, but all succeeding ones are of value, and that
these flaps should become isolated distally from the proximal
part of the flanges is proof to me that while the lid-leaflets
of Nepenthes are now early and sharply isolated from the
flanges, the pitcher-flaps retain connexion for a longer period
and by a broader base. This view is quite supported by the
fact that in N. Rajah, N. Curtisii, &c, the basal parts form
a distal peltation demarcating them, even if the long tendril
did not, from the pitcher-flaps, which themselves, in all
pitchers that I have examined, exhibit similar distal peltation
in front of the orifice, as do the lid-leaflets throughout their
entire history.

It is not necessary therefore for me ' to show that distinct
rounded outgrowths do appear on the wings of the young
leaf; all that is required is, what actually occurs, viz. the
localized outgrowth on the front of the pitcher of portions
that are ultimately quite distinct from those of the base.

No attempt is made by Goebel to explain the two swellings
in Nepenthes that arise in line with the laminar flanges, and
which unite to form the lid, though these exactly correspond
to the lobes that he figures (PI. XIX, Fig. 6) on the de-
veloping leaf of Darlingtonia. In a footnote (p. 103) he
says, that ' nicht jede Einbuchtung an einem Blattrande als
Anlage einer Gliederung des Blattes betrachtet werden kann.
Es ware dazu, da die Entwicklungsgeschichte fur Nepenthes
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selbst zu einer solchen Auffassung keinen geniigenden
Anhaltspunkt bietet, die Kenntnis einer verwandten Form
mit gegliederten Blattern notwendig.' To the writer this
appears a very loose method of discussing or explaining
a morphological feature. In his description to which he
refers in Schenck's Handbuch (III. i, p. 238), he says, ' Der
Deckel is nur das obere Ende der Blattlamina.' If the lid
is only the upper end of the leaf-blade why does it usually
show indications of two separate lobes, why are two distinct
vascular bundles prolonged into it, and why is there a trans-
verse vascular and even laminar connexion of the pitcher-
wings in front of and beneath the pitcher-orifice? These
problems are left untouched. In all four genera, Nepenthes,
Heliamphora, Sarracenia, and Darlingtonia, we have to do
with a greatly more complicated structure than a peltate leaf,
and till it is viewed in a different light we cannot expect a
better interpretation than that given by Goebel. Undoubtedly
in N. Rajah, N. Northiana, N. Curtisii, &c, we have to deal
with at least three successive laminar peltations from base
to apex of the leaf, no matter what name we give to the
laminar expansions that form these.

Bower practically rejects the conclusion that the lateral
growths on the terrhinal spur of a NepenthesA&sS. are rudi-
mentary leaflets. They are lateral outgrowths from the sides
of the mid-rib, in line with ' the smooth flanges' and the lid-
lobes. They appear as early as, or earlier than, the lid-lobes,
and I am unable to see under what possible category they
can be placed if not under that given by me.

Objection is also taken to the median flap of Sarracenia
being regarded as a laminar fusion, and to this view being
supported by comparison with the Iris-leaf. But in quoting
Goebel's evidence on the latter1, Prof. Bower seems to attach
no importance to the longitudinal vascular-bundle-distribution
alike in embryonic and mature leaves, which entirely favours
the view I advanced. If further evidence were needed, this
is furnished by the leaf of Phormium tenax, which is widely

1 Schenck's Handbuch der Botanik, III. i, 219.
H h 2
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expanded in its leaf-sheath, as in Iris and Sarracenia, then
fuses along the middle region, so as in some cases to entirely
or partially obliterate the free faces, and again opens out
in its terminal portion. Now both in Iris and Phormium
the most posterior vascular bundles that traverse the free
faces of the leaf-sheath are prolonged straight up to the
organic apex, thus demarcating the wide extent of fusion
that has occurred in the upper leaf-faces. In seeking there-
fore for ' evidence from external form ' solely or chiefly, there
is the danger, we believe, of the mark being overreached. It
is further suggested that I regard the leaf of Iris as a com-
pound one. No such statement has ever been made by me,
though I feel I was quite justified in comparing the fused
laminar faces of Iris-leaf with the similarly but more perfectly
fused leaflet-faces of Sarracenia.

I can see no relation between the phyllode of an Acacia and
the median flap of Sarracenia, since the latter is not a flattened
petiole, but a median process growing out from a rounded
and well-developed mid-rib. To regard it, particularly in
view of its affinity to Heliamphora, as a fusion of laminar
faces, rather than as ' a phyllodineous flap,' appears to be the
more simple and natural explanation.

As regards the lids of Sarracenia and lips of Darlingtonia,
I must still view these as leaflets, and Mr. Aldrich Pennock
brought me during the past summer an interesting con-
firmatory specimen in a pitcher of S. purpurea. This showed
(Fig. 44) a sharp transverse fusion of the vascular bundles
across the mouth of the pitcher posteriorly, and a mid-rib
prolonged from this and ending in a minute point, the organic
leaf-apex. From either side sprang two expanded lobes that
were supplied with vascular bundles from the mid-rib.
Goebel's beautiful illustrations of Darlingtonia confirm this;
though we must take exception to the statement that he
makes regarding these (p. 84), 'dieselben als Fiederblattchen
zu betrachten liegt wohl kein Grund vor. Es ist eben eine
Teilung der Blattspitze, welche dieselbe zu einem noch
auffallenderen Anhangsel des Schlauches macht, als es der
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einfache Lappen der Primarschlauche ist.' Their structural
relations and vascular supply prove them to be lateral paired
outgrowths from beneath the apex, and therefore confirmatory
of the writer's contention.

Professor Bower says : ' Dr. Macfarlane would appear to
recognize any convexity of margin of the wing, however
slight and however late in its appearance, as a leaflet or
pinna, whereas I should reserve these terms for only such
growths as arise at an early period in definite order upon the
wings and appear as convexities with a clearly defined contour.
Pursuing his less rigorous method, Dr. Macfarlane finds
himself landed in a view as to the leaves which is too
unwieldy to appear natural; my own explanation has at
least the quality of relative simplicity.' In the first part of
the above quotation, Professor Bower misinterprets me, for
as already noted I should limit the term leaflet only to such
divisions of the wings as are completely isolated down to the
mid-rib, no matter when they appear or how broad their
attachment. In this way only has it been used. Rigorous
methods are wholly commendable, but arbitrary ones may
lead to imperfect views, and such expressions as ' wings of the
phyllopodium,' ' developments of those wings,' ' a phyllo-
dineous flap/ and ' a flattened termination of the leaf result.

In attempting to reduce such pitchered leaves to the
standard of simple peltate ones, Goebel has no natural
explanation for the dorsal flaps in all the genera, for the
successive peltate fusions in Nepenthes, or for the lid-formation
in all. One reason for my advancing the opinions already
given was that it introduced a simple uniformity in explanation
of these puzzling types which in effect coincided with results
drawn from observation of anatomical detail and floral
structure. I must therefore adhere to the views already
expressed.

The author gratefully acknowledges his indebtedness for
supplies of material to the Directors and Curators of the
Royal Botanic Gardens of Kew, Glasnevin, and Edinburgh,
as also to Messrs. Burbidge, Courtauld, and Veitch.
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